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Oce-Technologies B.V., of Venlo 

CROSS-UNKABLE COMPOUNDS COMPR IS1 NG A PERFLUOROPOLYETHER 



This non-provisional appiicaSon claims priority under 35 U.S.C. 1 1 9(a) on European 
Patent Appiicalion No. 02078182.9. filed in me European Paten. Office on July 26. 
2002. the contents of which are hereby incorporated by reference. 

The .nventionpenains to a cross-iinkabie compound comprise a perfiuoropolyetber 
(PFPE) mcety which is ultimately terminated by an oxygen atcxr, and bonded through a 
spacer attached to the said oxygen atom wKh an ethyienicaiiy unsaturated group T 
.nvenhon further pertains to a perfiuompolyether rubber obtainabie by hydrosilaL said 
cross-,,nkab,e compound and to an apparatus for fransferring a toner image from an 
■mage-fomning medium to a receiving medium comprising said pertluoropolyether 

Patt'Tsss ZnTf C ° mPriS ' nS PFPE " ^ ^ * " «« 
Pat No. 4.565,714 mat descobes a tow surface energy materia, mat is a hydrosiiation 

reacon product of a compound containing fiuorine and aiiphatic unsatunJon l a 

compound containing silicon-bonded hydrogen. Such composes can be cured to a 

Z7 e Zr BY ma ' eria ' ' ha ' ^ C03tin9 ' 0rm ' S ^ 35 3 re ' eaSe 'or use 

w,fh the most a 9 gress,ve class of adhesives known in ma art or for other appiications 

reguinng ow adhesion. These compounds have a iinking group that connect the 

unsaturaton with , he poiymer and is. for exampie. seieCed from esters, amides 

(CH 2 )-(CH J ,- I N(C=0)-, wherein the unsanction is vinyl <-CH=CH 2 ) or an alkyl or 
Pheny. substituted derive thereof. The present invention pertains to compounds that 
are denved from PFPE moieties tha, are hydroxy-terminated. commonly known as 
hydroxy-terminated PFPE-oils. These hydroxy-terminated PFPE o„ s can be easily 
coupled, through reaction with the hydroxy group, to an ethylenically unsaturated group 
as kr^wn ,n the art. This ieads to the compound as worded in the above introduc, J 
These compounds appear to be particularly useful for anti-stick purposes For instance 
methyioMerminated perfiuoropolyelhers can serve as a basis for making »,e 
compounds to which the present invention pertains, These PFPE compounds are 
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disclosed as intermediates to other monomers and are prepared by reduction of esters, 
e.g., by reaction with lithium aluminum hydride or sodium borohydride. Reaction of 
these alcohols with ethylenically unsaturated halides, e.g., allyl bromide, in the presence 
of sodium hydride or potassium hydroxide provides ethylenically unsaturated PFPE's. It 
was, however, found that the known low surface energy materials deteriorate after a 
couple of months, especially when used at elevated temperatures, leading to loss of 
their non-sticking properties. This phenomenon is especially undesired when the rubber 
is applied in top layers of apparatuses for transferring a toner image from an image- 
forming medium to a receiving medium. 

Apparatuses for transferring a toner image from an image-forming medium to a 
receiving medium are known, for instance from US Pat. No. 5,742,889, which is 
incorporated by reference. The top layer in such apparatus is provided with a rubber 
that is obtained form reacting PFPE oil with a chain lengthener. However, the rubbers 
disclosed in this patent do not show the desired non-sticking properties after a number 
of months at elevated working temperatures. 

It is therefore an objective of the present invention to provide a perfluoropolyether 
(PFPE) oil that can be used for making perfluoropolyether rubbers, that are particularly 
suitable for use in top layers of apparatuses for transferring a toner image from an 
image-forming medium to a receiving medium, and that preserve their non-sticking 
properties for much longer times at elevated temperatures. 

It has now been surprisingly found that this objective, and other objectives for obtaining 
suitable rubbers, such as good visco-elastic properties including high elasticity and low 
compression set, is met with the above cross-linkable compounds when the spacer 
extends over at least three atoms between the oxygen atom and the ethylenically 
unsaturated group. Thus, the "distance" between the oxygen atom which terminates the 
compound comprising the PFPE-moiety and the ethylenically unsaturated group 
involves at least three atoms in a row. As a result, good monomers for providing suitable 
rubbers can be obtained. 



In one embodiment, the spacer extends over at least four atoms. It has been found that 
this embodiment can provide monomers that lead to even better rubbers. 
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.elTr^"' *• at ° mS ° f *• SP3Cer ^ C * bon at ° ms - ™ s "P"** 
leads to rubber materials having better anti-stick properties. 

Yet another embodiment pertains to compounds having the formula- 
5 D-fCnFanOVQ-B-A, wherein 

A stands for an ettyienically unsaturated group oftha formuta HR,C=CR 2Rs . wharetn 

£rn7 T *** a ' ky| - 5UbS,iMed a "« — * is sslectad 

from H, alkyl. phenyl, alkyl-substituted phenyl and aratkyt. and R 3 is a bond or Si (R< ) 2 
K, being independently H or alkyl; 

B stands for a hydrocarbyt or fluorooaroylspacer extending over a. least three oarbon 

(C^O) m is .he PFPE moiety wherein n is independently an integer of 1 to 4 and m is 
an integer of 2 to 500; s 
Q is a group selected from CFa-CH^O. CHj-CHa-O; and 

D stands for HO-CH^O- or A-B-Q-O, wherein n, A. B. and Q have the previously 
given meanings. K y 

In the above definition, "alkyr is preferab* a branched or unbranched alkyl group with , 

to 4 carbon atoms, such as methyl, amy,, propyl, isopmpyl, n-butyt, isobutyl. sec-buty, 

and he „ke. The alkyl group in the substituted phenyl preferably has the same meaning 
The .em, aralkyr TOans an aiy( subsUtuted a|ky| gro(jp wherein ^ 9- 

unbranched alkyl group preferably has 1 to 6 carbon atoms and the ary. group 
preferably is phenyl. 

In me formula (c„F 2 „OU for the PFPE moiety, - n - is independently selected. Thus mis 
formula rncludes both homopolymers (wherein me values - n - are the same for each 
recumng monomerio unit) and co-polymers, wherein the PFPE moiety is built up of 
different recumng monomers with different values of V, for instance PFPE moieties 
that are built from both <CF 2 0) and (CF 2 CF 2 0) recurring units. Preferably the PFPE 
n»,ety has a molecular weigh, o, about 1 .000 to 20.000. Thus, preferably, dependent on 
the mortar weigh, of the monomenc unite, m is preferably between 4 and 300 Such 
PFPE moreties are known in the art. for instance from US Pat Appro. No. 2001/0008916 
Al, which is incorporated by reference. 
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The above compounds can be hydrosilated by bringing about a condensation of a 
silicon-hydrogen-containing compound with the ethylenically unsaturated PFPE 
compound, preferably in the presence of a hydrosilating catalyst. 
"Hydrosilation" means a reaction involving the addition of a silicon-hydrogen group 
5 across a pair of aliphatic unsaturated carbon atoms, i.e., carbon atoms joined by double 
bonds. The reaction can be illustrated by the following general equation: 
ESi-H + C=C => ESi-C-CH. 

"Perfluoropolyether" ("PFPE") in the sense of the invention means a polyether, i.e. a 
10 compound comprising a chain of at least two alkoxy groups. The alkylene groups, which 
can be branched or are straight chains are completely, or at least to a substantial 
extent, fluorinated. The PFPE might occasionally comprise alkylene groups which are 
not completely fluorinated. In particular embodiments, the alkylene groups contain 1 to 
6, preferably 1 to 4, carbon atoms but the invention is not restricted to such groups. 

15 

The hydrosilation catalysts employed in the compositions of the present invention 
include all of the well-known metal-containing catalysts, which are effective for 
catalyzing a hydrosilation reaction between silicon-bonded hydrogen groups and 
ethylenically unsaturated groups. These materials include, for example, the finely 

20 divided platinum catalysts, such as those described in U.S. Pat. No. 2,970,150, the 
chloroplatinic acid catalysts described in U.S. Pat. No. 2,823,218, the platinum 
hydrocarbon complexes taught in U.S. Pat. Nos. 3,159,601 and 3,159,662 as well as 
the platinum alcoholate catalysts described in U.S. Pat. No. 3,220,972, the platinum 
complexes having an ultraviolet displaceable group such as are disclosed in U.S. Pat. 

25 No. 4,530,879 and the (cyclopentadienyl)(trialiphatic)platinum complexes such as are 
disclosed in U.S. Pat. No. 4,510,094. In addition, the platinum chloride-olefin complexes 
described in U.S. Pat. No. 3,416,946 are useful herein. A suitable catalyst is a platinum 
catalyst solution of ABCR, SIP 6832 in a concentration of 3 to 50 ppm on a weight 
basis. All of the teachings of hydrosilation catalysts in the aforesaid U.S. patents are 

30 incorporated herein by reference. 

The composition of the invention can also contain other ingredients such as 
hydrosilation inhibitors, dyes, pigments and reinforcing fillers, e.g., carbon black, fumed 
silica, titanium dioxide, etc. Furthermore, the release character of the cured composition 
35 can be modified, i.e., the value of the force required to separate an adhesive from the 
surface of the cured composition can be modified by any method known in the art, e.g., 
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Such modifiers are known and indude for axarnTT? °' * ^ 10 

Si(OC jH .0 Cj H 5)4 . such as are des ^ " «™ silicates suoh as 

nav.no a polyorganosnoxane an or' " 18 ' 325: ^ 

described in U.S. Pat m„ . , " " 0rSan,C "V™ ^™nl as are 

- 3 9 -n* percent of ,he ^^"-nas ,n which 3 
the tridimensional to.uana sol u«a '^1 <»P"°nylsi,oxane units; and 

- ^ are dKcribed in * * r^s^r - art as mq 
-t::r ~ e ™~ — * - — - - for 



PFPE 



F F 

fcF 2 -CH 2 - OH ) 2 +2 F--)~i__^_ OH- 



F F 



FFPE^CF 2 _CH 2 -0-^^__^ j 



and 



PFPE 



I 

CH 3 



(n = 3) 



OH" 



PFPE-(-CF 3 — ch,- 



CH 3 
CH 3 



WP&tCFHSVOH), * 2 Sr-CH^CH-CH, OH ' 

" PFPE ^< ; H,-C-CH r CH«:H,) ! 

In these formulae, PFPE represents anv pfpp „ ■ „■ 

of an anient according ,0 thetvenl 1 " ** — * 

<^een the ultimale oxygen atom ~ "~ « 

second example me spacer extends over c^T ^ 

'°und fha, a spacer ex«endin 9 over a, leas tZZ , + ' S " iC ° n ^ " " aS 

between the oxygen atom and .ha s^n a to " m - 
^ows a spacer extending over c^ atm *° ^ ^ ^ — art 
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The above silylalkylbromide intermediate compound is novel and can be made 
according to the following scheme (for example when n=4): 

<f H 3 CH 3 

+ H-Si-0-C 2 H5 Br-(CH 2 ) 4 — Si— 0-C 2 H 5 

CH 3 i H3 



CH 3 

Br-(CH 2 ) 4 -Si-0-C 2 H 5 + ^ Mg Br *■ Br-(CH 2 ) 4 — Si-^ 

CH 3 CH 3 

End groups that can very suitably be coupled to a hydroxy group of the linking group 
are, for instance, _ 



n = 0 or 1 



The unsaturated bond of these end groups can be hydrosilated (vulcanization) with a 
multi-SiH cross-linker to form a silylated compound with a spacer between the 
unsaturated group (vinyl) and the oxygen atom of the linking group of at least 3 carbon 
atoms to obtain a stable bond. 



Suitable SiH cross-linkers are methyl tris(dimethylsiloxy)silane [T(Mh)3'], 
cyclo(tetramethyltetrasiloxane) and homologs thereof ['(Dh)xl. short linear siloxane 
derivatives ['M(Dh)nM'J, tetrakis(dimethylsiloxy)silane ['Q(Mh)4'] and higher oligomers 
thereof ['Qn(Mh)m'], 

To the vinyl terminated PFPE oil is added subsequently an inhibitor for obtaining 
sufficient pot life for good processing. A suitable inhibitor is 1 -ethynylcyclohexanol 
['ECHT in a weight ratio of 500-5000 ppm relative to the oil. The inhibitor is injected pure 
in melted form using a microliter syringe. 

A SiH cross-linker is added in an amount of 1 .5 - 3 equivalents of SiH groups with 
regard to the vinyl groups in the PFPE oil. If necessary for a better mixability, a quantity 
of a solvent may be added, for instance, 1,3-bis(trifluormethyl)benzene ['fluoroxylene"]. 



After completion of mixing, a hydrosilation catalyst is added, in a concentration of about 
5-50 ppm. 



After mixing, for instance with a mechanical stirrer, and degassing by evacuation, the 
mixture can be cross-linked (cured) in the air (coatings) or, when no solvent is used, in a 
mold at 120-140°C. Curing usually takes 1 - 10 minutes. Further curing may take place 
in the air overnight at 120°C. The hardness then further increases due to evaporation of 
the solvent, oxidation and coupling of excess SiH groups. 

It is also possible to apply a pre-curing of part of the PFPE oil with excess of SiH cross- 
linker (about 2-5 moles of SiH cross-linker per vinyl group). This is particularly useful 
when the mixing of PFPE oil and SiH cross-linker is insufficient. Pre-curing is for 
instance performed at 120°C for 0.5 h under nitrogen atmosphere in 1 ,3- 
bis(trifluorobenzene) as solvent. The 'alloy' of PFPE oil with SiH reactive silicones is 
obtained after evaporation of the solvent and can be stored under nitrogen. 

When this reagent is strongly opaque and a silicone fraction separates, an effective 
separation can be achieved by extraction with low-molecular PFPE solvent ['HT 70'] and 
cyclohexane. A mixture of crude pre-cured product and 1 part of PFPE solvent can be 
separated from a silicon fraction by extraction with 1 part of cyclohexane. 

The invention also relates to an apparatus for transferring a toner image from an image- 
forming medium to a receiving medium comprising: 

an endless movable intermediate medium including a support provided with a top layer 
secured to the support via a rear surface, the intermediate medium being in contact with 
the image-forming medium in a first transfer zone; 

heating means for heating the toner image on the top layer of the intermediate 
medium; 

a biasing means for contacting the intermediate medium in a second transfer zone; 
and 

transport means for transporting the receiving medium through the second transfer 
zone, wherein the top layer comprises a perfluoropolyether rubber which is obtainable 
by hydrosilating a cross-linkable compound comprising a perfluoropolyether (PFPE) 
moiety which is ultimately terminated by an oxygen atom and bonded through a spacer 
attached to the said oxygen atom with an ethylenically unsaturated group, wherein the 
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spacer extends over at least three atoms between the oxygen atom and the 
ethylenically unsaturated group. 

The invention is further illustrated with the following non-limitative examples. 

5 

Example 1 

4-BromobuM-dimethvl-ethoxvsilane 

800 g of 4-bromo-1-butene were reacted with 15% excess of dimethylethoxysilane (939 
10 ml). In a 2 I reactor 0.5 g of Ru 3 (CO)i 2 and 800 ml of 4-bromo-1-butene were brought 
under nitrogen and 939 ml of dimethylethoxysilane were added under nitrogen and the 
mixture was brought at 65°C. After 0.5 h the bath temperature was raised to 80°C and 
the mixture was allowed to react overnight. After distillation 1329 g (93.7%) of 4- 
bromobutyl-dimethyl-ethoxysilane were isolated. 

15 

4-BromobuM-dimethvl-vinylsilane 

A 3 I reactor was charged under nitrogen with 1 I of vinyl magnesium bromide in THF 
(tetrahydrofuran) and 184 g of 4-bromobutyl-dimethyl-ethoxysilane were added slowly at 
room temperature. The mixture was then refluxed at 70°C for 16 h. After cooling on ice, 
20 the mixture was quenched with 407 g of a 20% HBr (w/w) solution, after which it was 
stirred for another 1.5 h. The THF layers were separated from the aqueous layers and 
neutralized with aq. sodium hydrogen carbonate solution. The THF was evaporated and 
the residue was distilled in the presence of 1 g Pt/C to obtain 135.8 g (79.8%) of pure 4- 
bromobutyl-dimethyl-vinylsilane 

25 

Example 2 

Coupling of 4-bromobutvl-dimethvl>vinvlsiiane to PFPE-oil 

A 1 I reactor was charged with 200 g (91 mmole) of OH-terminated PFPE-oil (Fluorlink 
30 D, from Ausimont s.p.a.), 220 ml of 1,3-bis(trifluoromethyl)benzene and 48.2 g (218 
mmole) of 4-bromobutyl-dimethyl-vinylsiIane. The mixture was heated at 70°C under 
stirring until a clear colorless solution was obtained, after which a mixture of 43.3 g of a 
47% KOH solution, 160 ml of water and 8 g of tetrabutylammonium hydroxide was 
added dropwise. After reacting for 4 h at 100°C, the aqueous layer was separated after 
35 which a fresh mixture of 43.3 g of a 47% KOH solution, 160 ml of water and 8 g of 

tetrabutylammonium hydroxide were added and stirred for another 16 h at 100°C. The 
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mixture was cooled down and the water layer was separated. The reaction mixture was 
washed with water, glacial acetic acid and methanol. The oily residue was concentrated 
and stirred with 15 g of polyvinylpyridine and 100 ml of HT™70 (a non-reactive PFPE-oil 
with a boiling point of 70°C, from Ausimont s.p.a.) for 3 days. After filtering and 
5 evaporation to dryness, a colorless oil was obtained, more than 99% of which was 
coupled to the end group 

The invention being thus described, it will be obvious that the same may be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and 
10 scope of the invention, and all such modifications as would be obvious to one skilled in 
the art are intended to be included within the scope of the following claims. 



